In Parts I and I1 of this series we discussed the way in which a biomechanics clinic team c a n be formed and the kind of information the rehabilitation engineer should seek as an aid to defining problems and solving them. In Part 111 we offered a "framework" for problem-solving which can be used to pace development of solutions and help facilitate communications between team members and various teams. We will discuss now the criteria and constraints which determine the nature of the "products" of rehabilitation engineering.
The criteria define the goals or ideals you have in mind and the constraints limit the degree to which the goals can be achieved. If your goal is to go to London, the methods of transportation possible place limits on your plans. The constraints will never allow for the perfection desired, but when the criteria are broken down into parts and valued, the optimum possibilities will emerge and necessary compromises be anticipated.
As an example, let us consider a real patient for whom we developed a set of statements on criteria and constraints. She is a person who spends most of her time lying on a plinth, and who is lifted many times a day for the performance of various functicns. The biomechanics clinic team suggested that her life could be improved through rehabilitation enginecring on the basis of information provided All correspondence to be-addressed to Mr. J. Foort, Department of Surgery, Division of Orthopaedics, University of British Columbia, 2740 Heather Street, Vancouver, B.C. Canada V5Z 3J4.
by various team members and others associated with the patient.
For this person, the problem was stated as to increase her comfort.
This was the most generalstatement we could think of. It was our intention to leave this statement in as open a form as possible so that the direction of enquiry or the solution selected would not be inhibited by the initial statement. Starting at this point, we developed the following set of statements on criteria and constraints ( Table 1) .
Note that we see the objective in terms of the patient rather than in terms of some mechanical contrivance! And this will be the point of entry to all problem-solving which is related to a particular patient's well-being. (If the solution sought were to benefit an institution or a professional group for example, then the focus would be on that.) The aim now is to build up a mental image or environment within team members as they act and interact around the pioblem in such a way that criteria which are increasingly explicit and which encompass the original general statement are developed. Thus, to improve comfJrt becomes to improve: to be able to do a number of things. For example, she must be able to communicate. She must be able to regulate or &just to the environment. She must be able toparticipate favourably in her social environment. Imagine the impact on engineers who start to focus this closely on the individuals who will be the recipients of their services. How much better it is to investigate in this way than to plunge in, plaster already dripping wet and tools ready. If we continue to investigate only a single facet of comfort, such as functional comfort, a number of criteria emerge.
Functional comfort =comforts essential for life

SAFETY
(1) The patient is to be protected from the environment-indoors ? outdoors? fair weather or foul? in public places? etc.
(Remember, if psychological comforts are a serious consideration, you may expand her environment, facing her with new hazards.)
(2) Optimum feeding of the patient-design anticipates health-promoting food, foods that are attractive, and not just easy to feed.
(3) Optimum handling of body wastes-saliva, urine, faeces, sweat. (6) Optimum approach to dependent functions -the patient will not face risks such as being dropped, gouged, etc.
(7)
Optimum management of rest, sleep and relaxation-avoidance of hazards such as smothering or falling.
You might be able to add criteria to the lists provided in the table developed for the example case. A good technique is to imagine yourself Ih and S. Cousins in comparable circumstances. Imagine the sort of environment you would choose to be in, or require for optimum survival from the functional, physical and psychological view-points. Such criteria as "the ability to shift position" lead to quite different views of how devices such as orthoses should be designed. We see "back braces" which are such straight jackets that the motions needed or desirable are inhibited--even after "cure" is complete. For the case in question, you will see that we identified over 30 "comfort" criteria. You will also notice that the qualifying words "optimized" or "access to" are governed by limits. Thus, such criteria as "optimized cosmesis" (the feel, sound, shape, colour, and motions which harmonize with the recipient and environment) or the "ability to be private" (meaning the capacity to choose private conditions) are bound by essential realities. These constitute the constraints.
In generating the lists of constraints, we identified four main groups which would affect the degree to which we could reach toward any ideal goal established by the assembled criteria. We saw some which related strictly to the patient. Others related to the physical environment, the social environment, and finally, the technological limits.
Considering the conditions within which the patient now lives, one can be committed at least to improving the conditions for this patient. The gap between the ideal and the end result constitutes 'the compromise necessary or accepted. That there will be compromise for the example patient is clearly indicated by the extent of the constraints generated. Some are more important than others, some permit little or no compromise. To live at all means that vital functions must continue-breathing, circulation, sensing, digesting food, eliminating wastes, conquering infection. These are insidethe-body operations which can be affected by design. Other constraints are imposed by the need to live-eating, sleeping, sensing, heat transfer, hygiene, psychological factors, biomechanical factors-such as skin resistance to force-motion. These constraints are of high importance.
As soon as you start considering such constraints as the patient imposes, others which relate to the physical environment come into focus. A support surface imposes forces, allows movements, restricts circulation, inhibits heat flow, collects moisture, etc. The size of a door, an elevator, a curb, the presence of steps confine you in your design approach. The wheels of a dune buggy are not the same as the wheels of a baby carriage.
When the person ventures out, the social environment impinges; whether "out" is into the corridor or onto the street. Such factors as how strong or willing a helper is; the degree to which people around contribute to the psychological well-being of the patient; who the person is, family, friend, volunteer, assistant; how well informed these people are; the speed, extent and quality of communications; community acceptance; her acceptance of those in the community; the safety of the person in the social environment, all affect design. An old person's balance requires consideration from the bus driver and fellow pass:ngers or even assurance of a seat. A dribbling person is better served with a paper napkin than embarrassing stares. A humane social environment is one in which the means are made available by which the imbalance between the able and the disabled can be redressed. How nearly this is optimal affects design.
Even when there is ample good will and money is available, there can be limits of skills, limits of other means. The technological constraints are a final hurdle imposing compromise. Fact-finding, designing, fabricating and testing take time. Maintenance is required no matter how well you design, especially initially. An operator may be needed. Would it be better to by-pass the machine and use a person directly? Will there be enough demand to make design worthwhile? Can it, will it be made, by whom, where, in what sort of facility?
Finally, all the information must be sought, sifted and ordered into useful form constituted as criteria and constraints. The information will be based on the observations, expert opinion, recorded information and personal preferences of those involved (patient, family, doctor, helpers). This takes time. In this case we interviewed therapists, nurses, the dietitian, other engineers, doctors, the social workers, the parent, the teachers and a psychologist.
Such an extravagant enquiry may not be needed often, but in this case, exposure to the various opinions and pieces of information led us to a radical change of view as we assembled the constraints and criteria. We came to understand the problem in terms not only of Iijring, but also in terms of mobiIity and communications wirhin the context of a changed environment. This experience raised regrets for previous impulsive enterprises which could have been better prepared 'and which might never have been attempted at all had the criteria and constraints been laid out. Alternatively, definition of the criteria and constraints centred on this person has led to worthwhile solutions to problems of mobility, and developments are underway to design a lifting system-so designed as to form modules for an environment more suitable to this sort of patient. We recommend that people working to apply engineering to rehabilitation problems make up such criteria lists. The criteria can be rated with respect to particular designs so that they can be "scored", perhaps on a 0-10 scale. The total score of a particular design can be used to rate it in relative terms with other designs or compare it to the ideal which the criteria represent.
Summary
When engineers function in a biomechanics clinic team, collecting information for the definition and solution of problems, and developing solutions in a logical pattern, then establishment of criteria by which to judge actions and results at various stages are essential. In our procedures, we make the most general statement we can which will indicate the goal we have for the patient or the type of patient being considered. Based on this, we proceed with a breakdown of the goal into increasingly explicit statements keeping the objective in focus. Eventually, with the criteria we need in order to decide "yes or no" to any aspect of the solution developing, we consider the constraints. These we see as imposed by the life-requirements of the patient, the effects of the physical environment, the limitations imposed by the social environment, and the limits of available technology, including the skills of the designers, the manufacturing capabilities and the distribution system with which the designers must cope. When a "checklist" of requirements and limits has been established, the "critical eye" watches over the rehabilitation engineer as he in effect watches over himself!
